Abstract. Morvan's syndrome (MoS) is a rare, complex neurological disorder characterized by neuromyotonia, neuropsychiatric features, dysautonomia and neuropathic pain. The majority of MoS cases have a paraneoplastic aetiology, usually occurring prior to the diagnosis of the underlying tumour and showing improvement following its treatment. The present study reports the case of a 35-year-old Caucasian male patient who was diagnosed with stage IVA thymoma. Thymectomy, lung resection, diaphragmatic pleurectomy and pericardio-phrenectomy were performed 6 months after neoadjuvant chemotherapy. The pathological evaluation revealed a type B2-B3 thymoma with focal squamous differentiation. Two years later, the patient underwent new surgical treatment for a local recurrence of the same histological type, and 4 weeks later, the patient presented with complex neurological symptoms compatible with MoS, including neuromyotonia, neuropsychiatric features, dysautonomia and neuropathic pain. Electromyography was compatible with a diagnosis of neuromyotonia. Brain magnetic resonance imaging scan and tests for serum anti-acetylcholine receptor, anti-striated muscle antibodies and anti-30-kDa titin fragment antibodies were all negative, whereas tests for anti-voltage-gated potassium channel (VGKC)-complex antibodies (333.3 pmol/l), anti-leucine-rich glioma inactivated protein 1 and anti-contactin-associated protein-like 2 antibodies were positive. The patient underwent 3 cycles of intravenous administration of immunoglobulins (0.4 g/kg/day for 5 days every 4 weeks) with little clinical and electrophysiological improvement. We speculated that the late onset of the symptoms in the present patient may have been triggered by an increase in the serum level of anti-VGKC antibody, which was caused by the surgery performed for the treatment of recurrent thymoma. To the best of our knowledge, the present report is the first case of MoS associated with this histological type of thymoma uncommonly occurring upon surgical treatment of recurrent thymoma.
Introduction
Morvan's syndrome (MoS) is a rare, complex neurological disorder characterized by neuromyotonia, neuropsychiatric features (insomnia, confusion, amnesia and hallucinations), dysautonomia (hyperhidrosis, severe constipation, drooling and cardiac arrhythmias) and neuropathic pain (1) . It was first described in 1890 by the French physician Augustin Marie Morvan as 'chorée fibrillaire' (2); since then, only ~60 cases have been reported (1, . Anti-voltage-gated potassium channel (VGKC)-complex antibodies are present in the serum of the vast majority of MoS patients, suggesting an autoimmune aetiology (1) . Although these antibodies are directed against leucine-rich, glioma inactivated 1 (LGI-1) protein, contactin-associated protein-2 (Caspr-2) or commonly both, anti-Caspr-2 antibodies are predominant and are always associated with thymoma (1). In fact, patients with MoS may have an associated underlying tumour, such as thymoma (most common), lung cancer, sigmoid cancer, testicular cancer and lymphoma (1) . Cases without an associated tumour, usually experiencing a good clinical response to immunotherapy, have also been described (1). Of note, MoS patients with thymomas and myasthenia gravis have also been reported (5) .
The present study describes a case of paraneoplastic MoS associated with thymoma in which the characteristic symptoms of MoS occurred following the surgical treatment of the tumour recurrence. Written informed consent was obtained from the patient.
Case report
In January 2010, a 35-year-old Caucasian male patient was admitted to The Regina Elena National Cancer Institute 2 (925 mg total) cyclophosphamide on day 1 every 3 weeks. Six months later, the patient underwent thymectomy, right lung resection, partial diaphragmatic pleurectomy and pericardio-phrenectomy, as well as partial neuroablation of the right phrenic nerve. For the pathological evaluation, the tumour tissue was formalin-fixed and paraffin embedded. Sections (5-µm thick) were cut from the paraffin blocks of tumour tissue, placed on glass slides, hydrated by decreasing alcohol percentages and stained with Mayer's heematoxylin and eosin. Slides were then dehydrated, rinsed with xylol and covered by mounting medium. Finally, the slides were covered by coverslips and examined using light microscopy. The pathological evaluation revealed a type B2-B3 thymoma with focal squamous differentiation, according to the World Health Organization criteria ( Fig. 1 ) (26) In addition, prominent areas of keratinization were present ( Fig. 1) . Following R2 resection (presence of macroscopic residual tumour), the patient underwent another 2 cycles of 1-day chemotherapy, administered intravenously every 3 weeks, including: Cisplatin, 50 mg/m 2 (92.5 mg); doxorubicin, 50 mg/m 2 (92.5 mg); and cyclophosphamide, 500 mg/m 2 (925 mg). The results were consolidated by the adjuvant tridimensional conformal radiotherapy with a total dose of 50 Gy (2 Gy/day, 5 days a week).
Two years later, following a period of clinical stability, the patient presented with local intrathoracic recurrence and underwent wedge resection of multiple lung nodules. Assessment of the recurrent tumour did not reveal any marked changes in tumour histology, confirming a B2-B3 thymoma with focal squamous differentiation. Four weeks after the second surgery, the patient experienced generalized and continuous muscle fasciculations, asthenia, four-limb paresthesias and dysesthesias with mechanical allodynia. Furthermore, the patient reported painful muscular contractions of the legs, hyperhidrosis, weight loss (~13 kg over 2 months), drooling, generalized itching, impotence, tachycardia, refractory insomnia, agitation, confusion and hallucinations. Upon examination, irregular myoclonic jerks of the four limbs, particularly the upper limbs, were observed. Tendon reflexes were brisk. Plantars were downgoing. Serial electrocardiograms demonstrated sinus tachycardia. Electroencephalogram revealed only diffuse slowing of background rhythm. Nerve conduction studies and electromyography revealed normal motor and sensory nerve conduction velocities, multiple repetitive compound motor action potentials to single stimulation, no decremental response to 2-Hz stimulation of the left axillary nerve, and doublets, triplets, multiplets and continuous neuromyotonic discharges in multiple muscles, including the tongue and facial muscles, without evidence of denervation. These findings were compatible with the diagnosis of neuromyotonia. Brain magnetic resonance imaging scan displayed no obvious findings. Anti-acetylcholine receptor antibodies, anti-striated muscle antibodies, anti-30-kDa titin fragment antibodies were all negative. Genetic analysis for mutations in the gene coding for caveolin-3 yielded negative results. Anti-VGKC-complex antibodies were increased (333.3 pmol/l; normal range <100 pmol/l), and both anti-LGI-1 and anti-Caspr-2 antibodies were detected in the serum.
The patient underwent 3 cycles of intravenous administration of immunoglobulins (0.4 g/kg/day for 5 days every 4 weeks) with little clinical and electrophysiological improvement. The 36-Item Short-Form Health Survey from the Medical Outcome Study (27) was used to evaluate the quality of life of the patient, who reported a subjective improvement. Evaluation of the levels of anti-VGKC-complex antibodies was repeated after 6 months, and their value (456.2 pmol/l) remained increased. Both anti-LGI-1 and anti-Caspr-2 antibodies were still present.
In November 2013, at the last follow-up, the patient's condition was relatively stable compared with that in May 2013 after the immunoglobulin therapy. The symptoms of excessive sweating, lower limb dysesthesias and some myoclonic jerks of the upper limbs remained. The patient was then lost to follow-up due to relocation to another city. There are no literature data regarding the prognosis of patients with thymoma and MoS, but patients with advanced thymoma have been reported to have a 5-year survival rate of 30-50% (28) .
Discussion
Since the first description of MoS in 1890, only a limited number of MoS cases (~60) have been reported in the literature (1,3-24 ). Hematoxylin and eosin staining (magnification, x200) .
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Currently, MoS is recognized as a rare combination of peripheral nerve hyperexcitability, dysautonomia and encephalopathy. Anti-VGKC-complex antibodies are present in 79% of cases of MoS, and are usually directed against LGI-1 and Caspr-2 (1).
LGI-1 is a key hippocampal protein of synaptic organization that is associated with the subunits of potassium voltage-gated channel subfamily A member 1, connecting preand post-synaptic proteins [a disintegrin and metalloproteinase (Adam)23 and Adam22, respectively] to form a bridge (29) . Anti-LGI-1-positive patients usually have a better clinical prognosis than anti-LGI-1-negative patients, which is likely to be dependent on the tumour status (1, 30) . Caspr-2 is an axonal trans-membrane protein of the neurexin superfamily that binds to contactin-2 (31). It is expressed in the juxta-paranodal region (nodes of Ranvier), hippocampus and cerebellum (32) . An association has been reported between high levels of Caspr-2 and a poor prognosis and higher risk of cancer (1, 30) . Of note, thymectomy and thymoma chemotherapy may act as disease triggers, suggesting that thymic tumours may also harbour the antigenic targets, in particular, Caspr-2 (33) .
Clinically, MoS is characterized by peripheral nerve involvement, with neuromyotonia, neuropathic pain, areflexia and a stocking-type sensory loss (1) . Insomnia, spatial and temporal disorientation, confusion, amnesia, hallucinations, agitation, epileptic seizures, abnormal behaviours, autonomic disturbance with hyperhidrosis, pruritus, drooling, severe constipation, urinary incontinence, excessive lacrimation, cardiac arrhythmias, weight loss, skin lesions or itching, and hyponatremia due to syndrome of inappropriate antidiuretic hormone secretion, comprise all known possible symptoms (1,33).
The MoS case described in the present report is a clinically and neurophysiologically typical case of paraneoplastic MoS, albeit the description of a B2-B3 thymoma with prominent squamous differentiation represents an unexpected association with MoS; no previous report of such a case was found in the literature. Furthermore, in the present patient, the symptoms of MoS arose a few weeks after the surgery performed for the treatment of local tumour recurrence, whereas the onset of paraneoplastic MoS most commonly occurs prior to the diagnosis of the underlying tumour, and is improved following its treatment (1) .
The mechanism through which thymoma triggers autoimmunity has been a matter of debate for several years, and a few different explanations have been proposed (34) (35) (36) . These theories refer to the failure of positive and negative selection of T-lymphocytes in the thymus, resulting in the alteration of the development of T-cells, producing self-reactive lymphocytes (34) . To the best of our knowledge, this is the first case report of MoS associated with a thymoma with prominent squamous differentiation. We can speculate that the late onset of symptoms in the present patient may be triggered by an increase in the serum level of anti-VGKC antibody caused by surgery or by thymoma recurrence itself, confirming that thymic tumours may also harbour antigenic targets, particularly Caspr-2 (35, 36) .
